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Evaluation 
of Brewers' Dried Grains 
In Cattle Diets 
INTRODUCTION 
Recognized by-products of many industries have found a place in today's feed 
supplements. The increased demand for high protein sources by our increasing popula-
tion has brought competition for high protein feedstuffs. The competition for high 
quality protein by the world's population is restricting the availability of these feeds as 
sources of protein for animal feeds. As the world's population increases to even greater 
proportions , increasing demand will be placed upon feedstuffs of high protein value. 
Along with the increase in population , an increase in demand for red meat protein is 
expected. To meet this need for red meat, additional sources of protein for animal feed 
need to be developed. 
Recognized by-products of many agricultural commodity industries have found a 
place in today's feeding industry as feed supplements in formulating high concentrate 
diets. With the increased demand for quality protein that can be expected for human 
consumption, commodity by-products of other industries will play an increasing role 
in supplying the protein source to turn into animal protein. 
Typical of the by-products from other industries is brewers' dried grains, a by-
product of the brewers' production of beer and ale. Expanding populations have caused 
an increase in beer and ale consumption, thereby causing an increase in the production 
of this by-product. Brewers ' dried grains have been shown to be a source of protein for 
animal diets . Also, brewers' dried grains can be a cheap source of protein . The feeding 
of brewers' dried grains is an efficient supplement for roughage and protein in high 
energy all-concentrate rations. 
The increasing numbers of cattle being finished for slaughter and increasing feed 
costs make evaluation of alternative feed sources a must . This study was initiated 
( 1) to determine the effect of different levels of brewers' dried grains in high-concentrate 
beef cattle rations ; (2) to ascertain digestible net energy values of brewers' dried grains; 
(3) to determine net energy values of brewers' dried grains; (4) to evaluate the relative 
merits of brewers' dried grains as a roughage and protein source for beef cattle; (5) to 
examine the value of brewers' dried grains in reduction of liver abscesses. 
REVIEW OF LITERATURE 
Barley, rice and corn are the main ingredients of brewers' dried grains, a by-product 
of the beer brewing industry. Hops, used as a flavoring agent in making beer, are 
recovered in brewers' dried grains usually in small amounts not exceeding three percent. 
A similar by-product, distillers dried grains, comes from the manufacture of ethyl 
alcohol. Its ingredients are usually corn , with smaller amounts of wheat, rye or sorghum 
grains (Morrison, 1959). 
Early experiments concerning the feeding of brewers' dried grains were conducted 
prior to the feeding of high concentrate diets to beef cattle. The early work was con-
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cerned with finding comparable protein supplement sources to feed to dairy cattle 
during lactation. Brewers' dried grains have been found to be an excellent protein source 
in dairy rations and has been noted for both its quality and economy. Compared to urea 
it increased milk production. Increases have also been reported in butterfat production 
and body weight gains (Hill , 1903; Warner et al., 1958). 
Brewers' dried grains contain only 0.09 percent potassium. The suggested optimum 
potassium level for growing and finishing beef cattle is from 0 . 5 to 0 . 8 percent of the 
ration per day (Nutrient Requirements of Beef Cattle, 1970). By increasing the levels of 
brewers' dried grains above 45 percent without additional potassium, the average daily 
gains were 0 . 72 and 0. 12 kg. per day for 60 and 90 percent brewers' dried grains. 
Calves fed in an another trial, with 0. 5 percent potassium added , showed equal gains 
at various levels Qohnson et al., 1970). 
The inclusion of brewers' dried grains into a semi-purified , high-urea type ration 
resulted in significantly increased nitrogen retention, decreased rumen ammonia and 
plasma urea concentrations. This points to an increased urea utilization and conversion 
into animal protein . With the brewers' dried grains addition, no differences have been 
noted in feedlot performance or carcass characteristics of cattle (Hatch et al ., 197 2) . 
Brewers' dried grains contain an average of 27. 5 percent protein, 22 .0 percent 
digestible protein, 6. 5 percent fat and 14. 2 percent nitrogen-free extract. The nitrogen-
free extract is largely pentosans. They equal corn gluten feed in content of digestible 
protein, having more digestible protein than wheat bran and equaling wheat bran in 
total digestible nutrients (Morrison , 1959). 
When brewers' dried grains were used as a protein substitute for soybean oil meal 
and some corn, gains were slightly reduced. Feeding at a level equal co corn-the 
estimated value of the brewers' dried grains as feed was worth only 5 5 percent as much 
as corn (Rusk and Snapp, 193 7). 
Hi.gh-Concentrate Rations 
The total number of cattle finished on high concentrate diets has increased rapidly 
in the last two decades . Those cattle that are fed-out in today's feedlots are finished on 
extremely high-concentrate rations . Being ruminants, roughage type feeds have been the 
most economical ration for feeding cattle . However, the gains made are over a longer 
period of time and the feed used is bulky and requires large storage and handling 
methods . Money is tied up for longer periods of time in the cattle when finished on 
high roughage diets . Economically the cattle industry has had to shift to rapid turn-
overs of livesrock to produce a profit with the available capital. Because of this more 
rapid system of production , the use of high-concentrate rations has greatly increased . 
Early all-concentrate feeding trials proved co be unsuccessful in substantiating the 
value of all-concentrate diets. It was observed through feeding all-concentrate rations 
that rumination was inhibited and normal appetite lost. Roughage in the form of hay 
had ro be furnished, it was thought, to the diet for the ruminant animal to grow nor-
mally. All-concentrate rations were initially thought to lack bulk or roughage and 
caused a vitamin and mineral deficiency (Bechdel et al. , 1926; Davenport, 1897; 
Huffman, 1928; McCandlish , 1923; Wise et al. , 1968). 
In 1931 Meade and Regan determined that much of the value of roughages has 
been grossly over emphasized due to vitamin and mineral deficiencies . Their work with 
cod liver oil and alfalfa ash showed that all-concentrate rations are practical if properly 
supplemented (Wise, et al., 1968). 
Many researchers in the early 1960's studied various high concentrate to all con-
centrate type diets and their value for finishing beef cattle . Barley was the most exten-
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sively studied grain initially . It was found that certain vitamins and minerals had to 
be supplemented to get superior performance. With the all-concentrate diet an increase 
in rumen parake.ratosis, liver abscess, bloat, founder and lower feed intake was noted 
(Beardsley et al., 1959, Jensen , 1960). 
Research reports on high-concentrate diets vary as much as varieties of grain vary as 
to findings. Steamed rolled-barley had less feed required per unit of gain, yet average 
daily gains were higher in those steers receiving hay along with their concentrate (Thomas 
and Meyers, 1961). Pope et al. ( 1963), found that compared to steam rolled-barley and 
cottonseed hulls the all-concentrate rations gained faster, had lower daily feed intake 
per day and required less feed per unit gained, when fed to cattle. 
High-concentrate rations were found to be equal in average daily gains and carcass 
characteristics, when compared to high roughage rations, there was a significant increase 
in total digestible nutrient intake on the high-concentrate (McCormick et al., 1959; 
Richardson et al., 1961). 
It is recognized that the consumption and digestibility of all-concentrate diets 
fed to cattle depends upon the type of grain fed (Wise et al. , 1968). 
A roughage value factor has been indicated in some experiments showing an additive 
effect for the inclusion of a high protein roughage . The inclusion of a good quality 
roughage in a high concentrate diet stimulated feed intake, while the energy intake 
levels remained relatively the same between the basal and the roughage added rations. 
This tends to fortify the theory that with high protein roughages and sufficient avail-
able energy, the ration with added roughages will out perform the all-concentrate due 
to more available protein and some unknown roughage factor. In short term feeding 
periods a roughage added to a ration assists in improving performance; but over extended 
periods cattle perform satisfactorily when fed all-concentrate rations , if all essential 
nutrients in adequate amounts are available (Thompson et al., 1965; Wise et al., 
1961). 
Roughage and Protein Supplement 
High-concentrate rations have been thought by some to be improved by increasing 
the crude fiber content. Various levels of crude fiber in corn based diets produced no 
significant differences between treatments. Cattle consumed more of a higher fiber ration 
than a higher concentrate ration. This could be a result of lower energy available and 
cattle will consume more of a low energy feed (Davis et al., 1963) . 
High-concentrate diets cause rapid accumulation of end products of fermentation 
with changes in volatile fatty acid ratios and ruminal pH . However, the physical 
qualities present in hay and roughages such as bulkiness, coarseness and abrasiveness 
are believed to inhibit any rapid changes in the rumen environment . Rumen pH is 
higher on a hay supplement diet than on a no hay diet (Haskins et al., 1969). 
With brewers' dried grains used as a roughage in high concentrate rations, gains 
equalled those of a control ration with corn silage as the roughage and soybean meal as 
the protein supplement, 1. 16 versus 1. 19 kg. respectively Qohnson, 1970). 
Brewers' dried grains, sorghum distillers' dried grains and wheat distillers' dried 
grains produce near equal gains to protein supplements of soybean meal, cottonseed 
meal and linseed oil meal (Aicher, 1957; Baker, 1949; Culbertson et al., 1937; 
Johnson et al., 1970). 
Liver Abscesses 
A major problem experienced in high-concentrate diet studies is liver abscesses. 
Between 14 to 74 percent of the cattle receiving high-concentrate diets have been re-
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ported to have abscessed livers . Cattle with abscessed livers gain slightly less, grade 
lower and have lower dressing percentages compared to cattle with normal livers 
(Beardsley et al., 1959; Foster and Wood, 1970;Johnson , 1960; McGinty , 1963) . 
With the change from a roughage type diet to an all-concentrate diet an increase has 
been observed to occur in the number of liver abscesses in the cattle . The loss of the liver 
due to condemnation at slaughter is a direct six co seven dollar economic loss per animal. 
Along with that economic loss there is reduced performance of the animal. This loss of 
performance may amount to as much as 0 . 11 kg . per day, according co Garrigus et al. 
(1967) . 
Ruminal lesions and liver abscesses in cattle appear to be highly associated . Highly 
significant association of abscessed livers with injured stomachs have been found . The 
abscess is believed co be the final result of a rumen wall injury or infection . The major 
bacteria causing the liver abscess, Spherophorus necrophorus , passes through the rumen wall 
at the injury or infection site and into the portal vein where it goes to the liver and forms 
the abscess (Berg , 1972;Jensenet al., 1954;Jensen, 1960; Thornton et al., 1968). 
Rumen parakeratosis is markedly increased in changing from pasture to high-
concentrate rations . Rations of high-nitrate levels have been shown to produce rumen 
parakeratosis. However, the relationship between nitrogen compounds, rumen para-
keratosis and liver abscesses needs further study (Ward, 1962; Wise et al., 1968). 
Antibiotics have been used in high concentrate rations to attempt to reduce the 
effect of the pathogenic bacteria. The feeding of chlorterracycline daily significantly 
reduces the incidence of liver abscesses . The use of oxytetracycline also lowers the 
occurrences of liver abscesses. Along with reduction of liver abscesses, response in gain 
and feed conversion was observed (David et al., 1970; Ellis, 1965 ;Jensen, 1960). 
Research with other antibiotics has not been extensive. Bacirracin has varied as 
far as results obtained in experimental studies from reducing liver abscesses (Dinusson 
et al., 1964) to that of no effect (Haskins et al., 1967). 
Various roughage to concentrate rati.os have been fed to determine a roughage to 
concentrate ratio that will give the greatest protection against rumen parakerarosis and 
liver abscesses . In one study the lowest occurrence of abscessed livers (20%) was with 
1. 36 kg . of hay fed daily and the highest (70%) with ground corn, soybean meal and 
two percent oyster shell (Haskins et al., 1967). Ground ear corn and rice hulls, also, 
have been shown to reduce liver abscesses when compared to all-concentrate rations 
(McCartor , 1972 and Williams et al., 1970). 
Some materials, when included in the ration reduced liver abscesses of cattle fed 
high-concentrate rations, but they usually reduce the animals' performance because of 
deficient protein and energy. Brewers' dried grains appear to be an exception, in that 
when included in all-concentrate rations it has a multiple ability to add protein, give a 
roughage factor and reduce liver abscesses (Johnson, 197 2). 
MATERIALS AND METHODS 
General Procedures 
A five-year study has been under-way at the University of Missouri-Columbia to 
evaluate brewers' dried grains as a feed source in beef cattle rations . These are divided 
into five areas of study concerning this feed. Each study having specific determinations 
being made concerning brewers' dried grains . All rations used in these studies were 
mixed in a B. ] . Manufacturing Company mixer blenders and remained relatively uni-
form in composition through each of the trials . Feed samples were taken periodically 
during the trials and analyzed by the Agricultural Experiment Station Chemical Labo-
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ratories. Prior to each weighing of the animals, feed and water were withheld for 12 
to 18 hours in order to obtain a shrunk weight at each 28 day feeding period. Daily 
feed records were kept in each trial, with refused feed weighed and recorded as needed. 
All animals used in the experiments were given the standard vaccinations and anthel-
mintic prescribed by University veterinarians, Table I. 
TABLE I 
Standard Vaccinations and Anthelmimic 
Vaccinations 
Bovine Virus Diarrhea 
Infectious Bovine Rhinotracheitis 
Leptospirosis 
Para-influenza-3 
Anthelmintic 
Ripercol Boluses 
Experimental Animals 
Feeding Performance Study 
TRIAL I 
During the winter of 1968 through 1969, sixteen mixed Hereford and Holstein 
steers and heifers that had been backgrounded on pasture with no concentrate feed 
prior to the trial were used as test animals . Two weeks before starting grain they were 
conditioned with a full feed of corn silage and 0.45 kg of protein supplements per 
head daily. 
Experimental Design 
The cattle were divided into four groups of four head each . The four ration treat-
ments were ground corn and ( 1) 30 percent brewers' dried grains , (2) 60 percent brewers' 
dried grains, (3) 90 percent brewers ' dried grains and (4) 2. 7 3 kg . or protein supplement 
and 6.9 kg. of corn silage daily with ground corn ad libitum. All groups received a 
mineral mix free choice. The trial lasted 49 days . 
TRIAL II 
Experimental Animals 
In the second feeding trial 36 Hereford steers averaging 373 kg. were used during 
early 1969. Twelve of the steers were used in Trial I, the remaining were of pasture 
background and had been kept on full feed of corn silage plus a protein supplement 
for the four months prior to the trial. 
Experimental Design 
The 36 steers were randomly placed into six treatment groups of six each. Each 
group was then assigned an experimental ration. The treatments were as follows: 
lots (1) and (2) 30 percent brewers' dried grains and 70 percent ground yellow shelled 
corn , lots (3) and (4) 20 percent brewers' dried grains and 80 percent ground yellow 
shelled corn and lots (5) and (6) 10 percent brewers' dried grains and 90 percent ground 
yellow shelled corn. The mineral mix, fed free choice, during this trial was changed 
half-way through the trial when a potassium deficiency was indicated by chemical 
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analysis . The change was from the initial mixture of two parts salt and one part dicalcium 
phosphate co one part salt, one part dicalcium phosphate and one part potassium 
chloride, Table II. The feeding trial started 12 March, 1969, and lasted 84 days . 
Slaughtering and Carcass Evaluation Procedures 
Slaughtering procedures. The cattle were taken to the Wilson abattoir in Kansas 
City, Kansas and slaughtered by normal commercial procedures. The carcasses were 
weighed, shrouded and then chilled for 24 hours . The livers were inspected by a U .S. 
Government meat inspector. 
Carcass evaluation. The carcasses were graded according tO USDA standards by a 
Wilson and Companies employee after chilling, final carcass grades were allotted . The 
longissimus dorsi muscle areas was measured by tracing on acetate paper and using a 
compensating planimeter. Fat thickness was measured at the twelfth rib . 
Statistical Analysis 
Analysis of variance was made for trials I and II to test for treatment differences 
as outlined by Snedecore and Cochran (1968) . 
Digestion and Metabolism Study 
Two digestion and metabolism trials were conducted tO determine digestible 
energy of brewers' dried grains, along with the nitrogen retention . 
TRIAL I 
Experimental Animals 
Two Hereford , two Angus x Hereford and one Charolais x Hereford steers were 
utilized in this metabolism trial , conducted during the winter of 197 1. All steers 
had received the standard vaccinations and anthelmintic treatment prior to the trial. 
When placed in metabolism stalls, they received three kg . corn daily, after having 
been on pasture. 
Experimental Design 
Five experimental rations were each fed to the five steers. The rations were: (1) 15 
percent brewers' dried grains that contained two percent yeast, (2) 15 percent brewers' 
dried grains , (3) 45 percent brewers ' dried grains, (4) 7 5 percent brewers' dried 
grains and (5) a control ration containing 10. 5 percent corn gluten feed and 4. 5 percent 
oat hulls. The remainder of the ration consisted of ground shelled corn, five percent 
cane molasses, minerals and vitamins. 
A 14 day preliminary period , followed by a seven day collection period was used 
for each trial. All steers were fed 3. 63 kg of their respective ration daily, that which 
was refused was weighed at the end of each trial. Feces and urine were collected daily 
and weighed for each trial. The feces and urine collected were frozen and scored until 
analyzed for gross energy and nitrogen . 
Energy utilization values were derived by the following formulas: 
a. Gross energy of the feed from the heat of combustion of a sample of feed , by 
using a bomb calorimeter. · 
b. Gross energy of the feces, by using the bomb calorimeter. 
c. Digestible energy equals gross energy of the feed minus gross energy of the 
feces. 
d. Methane production was calculated using eight percent of the gross energy 
of the feed as reported by Blaxter (1962). Energy lost in the urine was calculated as 
suggested by Strut et al. (1964) as follows: 
urinary energy kcal. per gm. = 0 .022 + 0 . 118 x (urinary nitrogen % ) 
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TABLE II 
Chemical Analysis of Rations Fed In Trial II (%)a 
Rations D.M. Fat Fiber Crude Ash CA p K 
...... I Protein ...... 
10%B.D.G. 88.5 4.6 3.6 10.9 1.8 0.04 0.30 0.34 
20%B.D.G. 88 .8 4 .8 5.0 12.0 2.0 0.05 0 .27 0.31 
30%B.D.G. 88.8 4.5 6.2 13.5 2.2 0 .07 0.27 0.26 
an .M. basis 
e. Metabolizable energy equals the gross energy of the feed minus the energy lose 
in the feces, urine and methane production. 
f. Nitrogen balance equals the nitrogen lose in the feces and urine subtracted from 
the nitrogen in che feed. 
TRIAL II 
Experimental Animals 
For the second metabolism trial the same animals were utilized plus one additional 
Hereford x Charolais steer. The additional steer received the same conditioning treatment 
as chat of the ocher five animals. It was fed a maintenance corn silage and grain ration 
serveral weeks prior co the metabolism trial. 
Experimental Design 
A 2x3 randomized experiment was used in comparing three protein sources in 
all-concencrace rations. The three experimental diets with each protein source, brewers' 
dried grains, soybean meal, and urea , are shown in Table III and chemical analysis 
presented in Table IV . The rations were formulated co be isonicrogenous and isocaloric 
(D. E.), by the Nutrient Requirement of Beef Cattle ( 1963). 
Each steer received 4 . 54 kg . daily of its rest ration. Collection of feces and urine, 
along with energy determinations, were the same as in the previous trial. 
Statistical Analysis 
Analysis of variance was made to rest for treatment differences as outlined by 
Snedecor and Cochran ( 1968). 
TABLE III 
Rations Fed During Nitrogen Sources Study-Trial II 
Ration % 
Ingredient B.D.G. Urea S.B.M. 
Brewers' Dried Grain 15 .00 
Cracked Shelled Corn 78 .00 84 . 15 75. 15 
Ground Limestone 1.00 1.00 1.00 
Potassium Chloride 0 .65 0 . 50 0.50 
Trace Mineral Salt 0 .25 0.25 0.25 
Vitamins A and D 0.10 0.10 0 . 10 
Oat Hulls 7.60 7.00 
Cane Molasses 5.00 5.00 5.00 
Soybean Meal 11.00 
Urea 1.40 
Calculated D.E. kcal/kg. 3,300 3,298 3,340 
Net Energy Study 
T wo net energy experiments were conducted using two different techniques for 
determination of retained energy. 
TRIAL I 
Experimental Animals 
Forty-eight good co choice weaned Hereford calves averaging 193 .5 kg. were used 
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TABLE IV 
Chemical Analysis of Rations Fed In Nitrogen Studies- Trial II (%) 
...... I Ingredient D .M. Fat Fiber Ash N CA p K ...,., 
Soybean Meal 88.6 3.2 3.9 3. 1 2.0 3 0.45 0.33 0.88 
Urea 87 .7 3.5 3. 1 2.6 1.96 0.25 0.28 0.57 
15%B.D.G. 87 .6 3.7 3.5 3.0 1.79 0.32 0.31 0.61 
in this trial, beginning 26 June, 1969 and terminated 15 November, 1969. The 
calves received the standard vaccinations and anthelmintic as prescribed by the U niver-
siry veterinarians, Table I. Prior co the start of the trial they received ad libitum grass 
hay and one kg. of grain per head daily . 
The rations fed during this trial are presented in Table V. The chemical analyses 
for the rations fed are given in Table VI. The cattle were fed twice daily and had free 
access co feed and water, except cattle were held off feed for 12-15 hours prior to 
weighing each 28 days . 
TABLE V 
Rations Fed During Net Energy Study-Trial I(%) 
Rations 15%B.D.G. 30% B.D.G. 45%B.D.G. 
Brewers' Dried Grains 1 15.00 30.00 45.00 
Potassium Chloride 0.5 0.5 0.5 
Limestone 0.8 0.8 0.8 
Dicalcium Phosphate 0.2 0.2 0 .2 
Ground Corn 83.5 68.5 53.5 
Brewers' Dried Grains2 15.00 30.00 45 .00 
Potassium Chloride 0.5 0.5 0.5 
Limestone 0 .8 0 .8 0.8 
Dicalcium Phosphate 0.2 0.2 0.2 
Ground Corn 78 .5 63.5 48 .5 
Molasses 5.0 5.0 5.0 
1Fed from June 26, 1969 ro July 24, 1969. 
2Fed from July 24, 1969 to October 16, 1969. 
Rations contained 2,200 IU viatmins and 275 IU vitamin D per kg. D .M . 
Experimental Design 
The animals were divided into six groups of six steers and two heifers each, and 
allotted co three treatments: (1) 15 percent brewers' dried grains, (2) 30 percent brewers' 
dried grains and (3) 45 percent brewers' dried grains . The trial lasted 142 days. 
Slaughter and Carcass Evaluation Procedures 
Slaughter procedures . Eleven steers of the 48 cattle were picked at random from the 
three treatment groups and taken to the University ·of Missouri's abattoir and slaugh-
tered. Each carcass was weighed, shrouded and chilled for 24 hours, after which a chilled 
carcass weight was recorded. The remaining cattle were taken to the Wilson abattoir 
in Kansas City, Kansas and slaughtered by normal packinghouse procedures . Each 
carcass was then weighed, shrouded and chilled for 24 hours . The livers were inspected 
by a U.S. Government meat inspector. 
Carcass evaluation. The carcasses were graded according ro USDA standards by a 
U . S. Government meat grader. Longissimus dorsi muscle area was traced on acetate 
paper and the area determined with a planimeter. Far thickness was measured at the 
twelfth rib . 
Specific gravity. Specific gravity determinations were made on the eleven steers by 
the water-displacement method, as described by Kraybill et al. (1952) . The left side of 
the chilled carcass was used, with the kidney and surrounding far intact. The halves were 
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TABLE VI 
Chemical Analysis of Rations Fed In Net Energy Study-Trial I (%) 
Ration D.M. Fat Fiber Ash N CA p K 
15% B.D.G. 88.3 3.9 4 .0 11.6 3.0 0.39 0 .33 0.65 
,_.. I 30% B.D.G. 87 .9 4.4 6.0 3.8 0.48 0.36 0.64 "' 13 .7 
45% B.D.G. 89.1 4.3 7.1 17 .9 3.7 0.50 0.38 0.58 
Brewers' Dried Grains 1 91. 3 6.9 U .6 32.4 3.2 0.22 0.49 0.04 
Brewers' Dried Grains 89.8 5.4 16.5 25.6 3.8 0.20 0 .40 0.03 
1Two samples from two truck loads of Brewers' Dried Grains were analyzed. 
first weighed in air to the nearest one half kg . , then weighed under water to the nearest 
gm. Care was taken to eliminate any air bubbles. 
A 2840 liter tank was used to hold the water and was filled 48 hours prior ro weigh-
ing and kept in the cooler with the carcasses. The temperarure of the water was 7°C ± 
1°C and no correction for density changes of water with temperarure was made. 
Net energy determinations . The average initial body composition of the calves was 
assumed to be similar, being from the same origin, ro those used by Riley ( 1969), there-
fore no initial slaughter was done in this trial. The percentage empty body fat used was 
17.2 and the percent empty body protein was 18 . 1. Initial rota! empty body energy 
was assumed to be 507. 3 meal. The eleven steers selected, two from each of five groups 
and one from the sixth group, were slaughtered and then body composition was deter-
mined by specific gravity measurements at the termination of the trial. The formulas 
used were: 
% carcass fat = 581 - 462 .9 x (carcass specific gravity) 
% carcass protein = 86 . 1 x (carcass specific gravity) - 75 . 2 
Empty Body Wt. = 1. 362 x (carcass wt . kg.) - 66. 71 
as developed by Riley (1969) . By use of these formulas and assuming that the caloric 
content of far was 9367 kcal per kg . , as given by Blaxrer and Rook ( 1954), and rhe 
average caloric content of protein was 5686 kcal per kg., as established by Garrett ( 1958), 
the net energy retained in the body was calculated. 
All rations fed were formulated above the maintenance energy requirements as 
suggested by Nutrient Requirement of Beef Cattle (1970), at the constant of 77wt0 75 
kg/day . 
Net energy for production was determined from the energy retained in the carcass . 
Net energy for maintenace and production was calculated by adding rhe rwo individual 
figures rogether. 
TRIAL II 
Experimental Animals 
In the second net energy trial sixty Hereford, Hereford x Angus and Hereford x 
Charolais calves averaging 261 kg ., weaned in late August, 1970, were used in this 
trial beginning 20 Ocrober, 1970. The calves were fed grass hay, ground corn and some 
brewers ' dried grains before starring on resr. The calves were conditioned as in previous 
rests. Thirty mg. implant DES were inserted in the ear of each steer and 15 mg . of 
DES was implanted in the heifers on 17 October, 1970 . 
Experimental Design 
The treatment groups were randomly divided inro five groups, with equal numbers 
of cross-bred calves in each group . Also, one Hereford and one Hereford x Charolais 
heifer was allotted to each of the ten lots. The treatments were: ( 1) 15 percent brewers' 
dried grains that contained two percent yeast, (2) 15 percent brewers' dried grains, 
(3) 45 percent brewers' dried grains, (4) 75 percent brewers' dried grains, and (5) a 
control ration containing corn gluten feed and oat hulls, Table VII. Crude fiber and 
protein content of the control ration was formulated ro be similar ro treatment number 
two, Table VIII. All treatments were replicated with two pens of eight cattle, and each 
pen of cattle was fed one of the five rations. 
Slaughter and Carcass Evaluation Procedures 
The cattle were taken ro the Wilson abatroir in Kansas City, Kansas and slaughtered 
by normal packinghouse procedures . The carcass evaluations were the same as those 
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TABLE VII 
Rations Fed During Net Energy Study-Trial II 
Ration 15%B.D.G. 45 % B.D.G. 75 %B.D.G. 15% B.D.G. +Y Control 
Brewers' Dried Grains 15.00 45.00 75 .00 
Brewers' Dried Grains 
with 2% Yeast 15.00 
Ground Shelled Corn 77 .55 47 .75 17.95 77.55 77.55 
Cane Molasses 5.00 5.00 5.00 5.00 5.00 
Corn Gluten Feed 10.50 
Oat Hulls 4.50 
Limestone 1.00 0.80 0 .60 1.00 1.00 
Potassium Chloride 1.00 1.00 1.00 1.00 1.00 
,_. I Trace Mineral Salt 0.25 _, 0 .25 0.25 0.25 0.25 
Vitamins A and D 1 0.20 0.20 0.20 0.20 0.20 
1 2200 IU of A and 275 IU of D per kg D.M. 
TABLE VIII 
Chemical Analysis of Rations Fed in Net Energy Study-Trial II 
Crude 
Ration D .M. Fat Fiber Ash N K 
15%B.D.G. 90.1 3.7 3.5 3.5 1. 79 0.70 
45% B.D .G. 91.2 4.5 8 .6 4.2 2.48 0.74 
75%B.D.G. 91.5 5.1 11.6 5.6 4 . 10 0.69 
15%B.D.G. 90.6 4.6 5.4 5.0 2.01 1.02 
Control 89.9 4.0 3.6 3.5 1.66 0.75 
in the feeding performance study. 
Net energy determinations. The Low-Level Radiation (Whole Body) Counter was used 
in determining the net energy values for the five treatment rations fed. One replication 
of each of the five experimental groups was used in determining body potassium. The 
percent body fat and percent protein were calculated, based on K40 count of the animal, 
by using equations developed by Clark (1972 unpublished data). The formulas for 
determining body composition were: 
Body fat = 0.00098(wr kg.) - 0.00025(K4 °Counr) + 0.00735 
Body protein = [0 .00001(K4 °Count) -0.00003(wr. kg .) + 0 .03555] 6.25 
The initial count was made on 25 September, 1970 and the calculated percent pro-
tein was used as the initial body composition. A final count was made on 21 March, 
1971, on those animal's previously counted. 
Total kg. of body far and protein was calculated by raking the calculated body far 
and protein percentages and multiplying by the live animals weight. The energy 
retained in the body was calculated, using 9367 kcal per kg. for fat caloric content 
and 5686 kcal. per kg . for protein caloric content . 
The maintenance energy was established by the constant figure 77wr0 . 75 kg. per 
day. The rations fed were above the maintenance requirement . 
Net energy for production was determined from the energy retained in the carcass. 
Net energy for maintenance and production was calculated by adding the two individual 
figures together. 
Slaughter and Carcass Evaluation Procedures 
The cattle were taken to the Wilson abattoir in Kansas City, Kansas and slaughtered 
by normal packinghouse procedures . The carcass evaluations were the same as chose 
in the first trial. 
Roughage and Protein Study 
Experimental Animals 
One hundred-six good to choice steers of mixed beef breeding, averaging 230.3 
kg . were used in this roughage substitute: protein replacement study. Their background 
was pasture with no concentrate feed prior ro the trial. They were given the standard 
vaccinations and anthelmintic as prescribed by the University veterinarians, Table I. 
Two steers were randomly selected to be held as replacements for the study and fed the 
control ration, AB-2 (see Table IX). 
Experimental Design 
The steers were divided at random into twelve groups, nine of which had eight 
steers and three of which had eight steers and three of which had twelve steers . Three lots 
were outside lots with twelve steers, compared co the nine lots under shelter. The 
heavier Hereford steers were purposely placed in the outside lots to avoid breed inter-
action and co allow even division between breed types in the various lots . 
The treatments were as follows: (1) AB- I-Five percent brewers' dried grains, (2) 
AB-2-Five percent corn cobs and (3) AB-3-Five percent corn cobs with hops . The 
complete rations are shown in Table IX and the chemical analysis in Table X. Additional 
brewers' dried grains (treatment 1) and corn cobs (treatments 2 and 3) were added at 
the rare of 40 percent of the ration for the first seven days and 20 percent of the ration 
from the eighth through fourteenth days on test. No additional roughage was fed from 
day 15 through day 168 of the test. Gains and feed conversion were measured after each 
28 day period of the test. The trial lasted until 6 July, 1972, (168 days) . 
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TABLE IX 
Rations Fed In Roughage and Protein Study 
5% c.c. 
Ration 5%B.D.G. 5% Corn Cobs With Hops 
Rolled Shelled Corn 89.00 89.00 89.00 
Molasses 3.00 3.00 3.00 
Brewers' Dried Grains 5.00 
Ground Corn Cobs 5.00 4.70 
Dried Spent Hops 0.30 
Urea 1.00 1.00 1.00 
Dicalcium Phosphate 0.50 0.50 0.50 
Potassium Chloride 0.50 0.50 0.50 
Limestone 0.50 0.50 0.50 
Trace Mineral Salt 0.25 0.25 0.25 
Sodium Sulfate 0 . 10 0.10 0. 10 
Vit. A and Premix1 0 . 15 0 . 15 0.15 
DES Premix2 0.025 0.025 0.025 
130.000 IU/head/6.804 kg. 
2 10 mg ./head/ 6. 804 kg . 
Slaughtering and Carcass Evaluation Procedures 
Slaughtering procedures. The steers were taken co the Wilson abattoir in Kansas City, 
Kansas and slaughtered by normal packinghouse procedures. Each carcass was weighed, 
shrouded and chilled for 24 hours. The livers were inspected by a U.S. Government meat 
inspector and Dr. Loren D. Kintner, DVM, University of Missouri. Tissue samples were 
taken of those livers condemned. Piccures of each liver were taken, along with pictures 
and tissue samples of the rumens nor condemned. 
Carcass evaluation. The carcasses were graded according to USDA srandards co a 
third of a grade by a U.S. Government meat grader 48 hours pose mortem. The following 
factors were recorded: 
1. Comformation and final grade, coded by a numerical designation of nine for low 
good to 17 for high prime with each whole number indicating a third of a USDA grade. 
2. Marbling, coded by a numerical designation of one for devoid co 12 for extremely 
abundant . 
3. Quality grade, coded by a numerical designation of nine for low good co 17 
for high prime. 
4. Yield grade, coded by a numerical designation of one as the highest yielding 
grade of 53. 1 percent or more of the carcass weight in boneless, closely trimmed retail 
cuts from the round, loin, rib and chuck, and six as the lowest yielding grade of less 
than 43. 9 percent boneless retail cuts. 
Factors 1 and 2 were determined as outlined in USDA Agricultural Marketing Service 
and Regulatory Announcement No. 11, June 1956. Factors 3 and 4 were determined 
as outlined in the Federal Register, Vol. 27, No. 72, April 1962. 
Liver Abscess Study 
Following che termination of each experiment data was collected concerning the 
incidence of liver abscesses in relation to rations fed. 
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TABLE X 
Chemical Analysis of Roughage and Protein Study Rations 
Crude 
Ration D.M. Fae Fiber Ash N CA p K 
5% B.D.G. 84.7 3.2 3.4 3.6 2.05 0.48 0.36 0 .65 
5% Corn Cobs 83.9 2.3 3.1 3.5 1.98 0.43 0.36 0.80 
5% Corn Cobs with Hops 85.3 3. 1 3.5 2.6 1.86 0.30 0.31 0.60 
TABLE XI 
Performance of Steers Fed Three Levels of Brewers' Dried Grains-Feeding Trial I 
N 
0 . Item 30% B.G. 60%B.G. 90% B.G. Control 
No. Animals 4 4 4 4 
Days on Feed 49 49 49 49 
Initial Live Wt. Kg. 381.8 370.4 377 .73 350.00 
Final Live Wt. 438.6 405 .7 383.63 409.54 
Av. Daily Gain 1.16 .72 . 120 1.20 
Total Ind. Feed Consumption 
Corn 289.54 149.00 29.72 351.90 
Silage 27.27 27.27 27.27 340.91 
Brewers' Grain 124 . 12 223.50 267 .50 
Molasses 9.82 9.82 9.82 
Supplement 34.09 
Experimental Animals 
The experimental animals observed were the 248 steers and heifers that were slaugh-
tered and inspected by U.S. Government meat inspectors for abscesses of the livers. 
These animals were those from the feeding performance, net energy and roughage/pro-
tein studies. 
Evaluation Methods 
Statistical analysis of variance was run on data from each study to determine any 
significance as outlined by Snedecor and Cochran ( 197 1). The data was pooled and 
trends noted , along with any significance. 
RESULTS AND DISCUSSION 
Feeding Performance 
Four feeding trials involving 157 steers and heifers, 52 head from the initial feed 
performance study, 47 from the first net energy trial and 58 from the second net energy 
study, were studied co evaluate brewers' dried grains as a source of protein and roughage 
in cattle finishing rations. 
TRIAL I 
In Trial I the average daily gains for the 30 percent brewers' dried grains ration were 
1. 16 kg . , 60 percent ration 0. 72 kg. , 90 percent ration 0 . 12 kg . , and control 1. 20 kg. , 
Table XL Those receiving the highest level of brewers' dried grains had a very low daily 
feed intake. Average daily gain was highest for the controls and decreased as brewers' 
dried grains in the rations increased. Cattle fed the 30 percent ration, using prices of 
feed fed during the trial, produced more economical gains than the controls. 
TRIAL II 
Trial II consisted of 36 steers that were fed diets of 10, 20 and 30 percent brewers' 
dried grains and the remainder ground corn. There were two replications per treatment, 
with treatments being uniform within treatment groups. The results are presented in 
Table XII. Cattle fed the 10, 20 and 30 percent brewers' dried grains separately re-
TABLE XII 
Performance of Steers Fed Three Levels of Brewers' Dried Grains-Feeding Trial II 
Item 10%B.D.G. 20% B.D.G. 30%B.D.G. 
No. Animals 12 12 12 
Days of Feed 84 84 84 
Av. Initial Live Wt. Kg. 375.90 357.04 386. 35 
Av. Final Live Wt. Kg. 454.54 439.09 466. 13 
Gain Kg. 78.64 82.05 79.78 
Av. Daily Gain Kg. 0.938 0.977 0.941 
Feed per 100 kg. gain total 830 790 880 
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quired 8 .3, 7 .9 and 8.8 kg . of air dry feed ro make one kilogram of gain. There was no 
significance (p<.05) between the rations. Average daily gains were 0 .938, 0 .977, and 
0. 941 kg. for the 10, 20 and 30 percent brewers' dried grains rations , respectively . 
Carcass Evaluation 
Statistical analysis indicated no significant differences (p< . 05) in any of the quanta-
tive and qualitative carcass characteristics. It was remarkable that there were no liver 
abscesses found in this group of steers in view of the levels of concentrate in the rations . 
Certain carcass traits are shown in Table XIII. 
TABLE XIII 
Quantitative and Qualitative Carcass Characteristics of Steers Fed Three 
Levels of Brewers' Dried Grains-Feeding Trial II 
Item 10%B.D.G. 20% B.D.G. 30%B.D .G . 
No. of Carcasses 12 12 12 
Hot Carcass Wt. Kg . 273.5 265.0 286.5 
Dressing Percentage 60.24 60.45 61.45 1 
Rib Fat Thickness Cm. 1.46 1.02 1.441 
Ribeye Area Sq. Inches 11.06 11. 19 11. 27 1 
Carcass Grade1 11. 50 11.00 11.00 
1 11 High good, 12 Low choice 
TRIAL III 
This trial was designed to study net energy values for brewers' dried grains and will 
be further discussed under that topic later in this report. No significant differences 
(p< .05) in rate of gain, feed conversion or daily feed intake were found . The average 
daily gains were 1. 14, 1. 13, and 1. 13 kg . for the 10, 20 and 30 percent brewers' dried 
grains rations, respectively. A trend was noted on those with the higher level of brewers' 
dried grains having the lowest daily gain , 1. 13 kg., and highest daily feed consumption, 
8.25 kg. and highest feed conversion, 6 . 53 kg. per kg. of gain. This was the opposite 
of the lowest, 15 percent brewers' dried grains fed cattle which had average daily gains 
of 1. 14 kg . and the lowest daily feed consumption and the lowest conversion ratios of 
7 . 17 and 6 . 30 kg. Table XIV shows the performance of the cattle in this trial. 
Carcass Evaluation 
Carcass traits were not affected significantly (p<.05) by the different levels of 
brewers' dried grains. The quantitative and qualitative characteristics are given in Table 
XV. There were two abscessed livers in the 48 cattle slaughtered. 
TRIAL VI 
In this trial a net energy study was also conducted along with the feeding performance 
study. The performance results are shown in Table XVI. However, one heifer foundered 
and was removed just prior to the start of the test. One steer died of pneumonia on 19 
December 1970. Cattle fed the 45% brewers' dried grains and 15% brewers' dried grains 
and the control rations produced daily gains that were (p< . 01) significantly greater 
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TABLE XIV 
Performance of Steers Fed Three Levels of Brewers' 
Dried Grains-Feeding Trial III 
Item 15 % B.D.G. 30% B.D.G. 
No. Animals 16 16 
Days on Feed 142 142 
Initial Live Wt. Kg. 192.5 194.0 
Final Live Wt. Kg. 354.5 355 .5 
Gain Kg. 162.0 161.5 
Av. Daily Gain Kg. 1. 1 1. 1 
Kg. Feed per 100 Kg. 
Gain Total 630 646 
TABLE XV 
45 % B.D.G. 
16 
142 
194.0 
355.0 
161.0 
1. 1 
653 
Quantitative and Qualitative Carcass Characteristics of Steers Fed Three Levels of 
Brewers' Dried Grains-Feeding Trial III 
Item 15% B.D .G. 
No. of Carcasses 15 1 
Hot Carcass Wt. Kg. 204.48 
Dressing Percentage 59 .7 
Rib Fat Thickness Cm. 1. 39 
Ribeye Area Sq. In. 9.64 
Carcass Grade2 11.06 
10ne steer died from heat the day of slaughter. 
2 10 Average good, 11 High good 
30% B.D.G. 
16 
205 . 10 
59.7 
1.34 
9.75 
10.43 
3All items on this line are nor (p<.05) statistically different . 
45 % B.D.G. 
16 
199 .00 
58.43 
1. 513 
9.293 
10.31 
than daily gains of those fed the 75% brewers ' dried grains . The average daily gains for 
the various rations were: 15% brewers' dried grains, 1.27; 45% brewers' dried grains, 
1.10; 75% brewers' dried grains, 0.98; 15% brewers' dried grains with yeast , 1.25 ; 
and control , l. 14 kg . 
Feed required per kg . of gain was: 15% brewers' dried grains, 5.99; 45% brewers' 
dried grains , 6. 5 5; 7 5% brewers' dried grains, 7. 38; 15% brewers' dried grains + yeast, 
5. 82; and control 5. 94 kg . There were no significant differences between treatments for 
feed required per unit of gain. 
Carcass Evaluation 
Significant differences (p< .05) were found in carcass grades with 15% brewers' 
dried grains , 45% brewers' dried grains , and 15% brewers' dried grains with yeast 
being significantly greater than carcass grades of cattle fed the 75% brewers' dried grains 
ration. Carcass grades from cattle fed 15% brewers' dried grains and 45% brewers' 
dried grains were significantly (p< . 05) greater than for those fed the control ration as 
noted in Table XVII . The number of liver abscesses were noted and compared to feed 
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TABLE XVI 
Performance of Cattle Fed Four Levels of Brewers' Dried Grains-Feeding Trial IV 
Item 15%B.D.G. 45% B.D.G. 75%B.D.G. 15% B.D.G.+Y 
No. Animals 12 11 12 11 
Days of Feed 140 140 140 140 
Av. Initial Live Wt. Kg. 267 . 5 261.5 262.0 258 .0 
Av. Final Live Wt. Kg . 446.0 417.0 398.5 433.5 
Av. Gain 178.5 155. 5 136.5 175. 5 
Av. Daily Gain Kg. 1. 27 1. 20 0.98 1.25 
Feed per 100 Kg. Gain Total 542 . 1 597 .8 669.1 526.6 
TABLE XVII 
Quantitative and Qualitative Carcass Characteristics of Steers Fed Four Levels of Brewers' Dried Grains-Trial IV 
Item 15%B.D.G. 45% B.D.G. 75%B.D.G. 15% B.D.G. +Y 
No. Carcasses 12 11 12 11 
Hot Carcass Wt. Kg. 271. 1 252. 1 238.4 266 .4 
Dressing Percentage 60.65 60.45 59.80 61 .30 
Rib Fat Thickness Cm. 1.76 1.80 1.65 1.46 
Ribeye Area Cm 2 77. 15 74.55 75.85 81.40 
Carcass Grade 1 10.65 23 10.75 23 9.25 10.35 2 
Livers Condemned 1 0 1 0 
1 11 High good, 10 Average good 
2Significant!y (p< .05) greater than 75% B.D.G. 
3Significant!y (p<. 05) greater than control. 
Control 
12 
140 
259.0 
418. 5 
159. 5 
1. 14 
538.9 
Control 
12 
258.3 
61.60 
1.56 
81.15 
9.50 
5 
efficiency. Data suggests that the loss, due to condemnation, of the liver due to abscess 
caused a reduction in the animals' performance in this study as much as ten percent. 
Digestion and Metabolism 
Two digestible and metabolizable energy determination trial were conducted. 
TRIAL I 
In this trial , five rations were analyzed . Digestible energy, metabolizable, and 
nitrogen retention were studied . The suggested energy values using Nutrient Requirments 
of Beef Cattle ( 1963), and the determined energy values, digestible and matabolizable, 
are given in Table XVIII. The digestible and metabolizable energy of 15% brewers' dried 
grains with yeast ration were significantly greater (p> .01 ) than for the 45 percent and 75 
percent brewers' dried grains rations. The digestible and metabolizable energy of the 15 
percent brewers' dried grains and the control rations were significantly (p<. 05) greater 
than the 75 percent brewers' dried grains ration. Values obtained from this trial were 
closely in relation to the 1963 Nutrient Requirements of Beef Cattle at 2. 38 meal. per kg. 
than they were for the later 1970Nutrient Requirements of Beef Cattle at 3. 29 meal. per kg. 
Nitrogen retention percentages were not significantly different (p<.05) between 
the rations fed as shown in Table XIX . However , it is interesting to note that the percent 
nitrogen retention of75 percent brewers' dried grains was the highest of the five rations. 
TRIAL II 
Table XX shows the digestible and merabolizable energy determinations in this 
trial. Merabolizable energy was nor significantly different between ration treatments . 
Digestible energy of the 15 percent brewers' dried grains ration was significantly 
(p<.05) greater than the urea ration. The calculated and determined metabolizable 
and digestible energy values were in close agreement. Statistical analysis of rhe various 
nitrogen retention percentages were found to be not significant, as reported in Table 
XXL The higher percentage of nitrogen retained from 15 percent brewers' dried grains, 
as compared to the other two rations, indicates the high value of brewers' dried grains 
protein for beef cattle. 
Net Energy 
This study was split into two trials, the first utilizing specific gravity and the 
second utilizing the Low-Level Radiation Counter ro measure composition of gains. 
Both systems are met hods for calculating energy retained by the animal. The performance 
and carcass data of these two trials are presented under the Feeding Performance Study 
of this report . . 
TRIAL I 
Empty body far and protein was determined by equations developed by Riley 
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TABLE XVIII 
Digestible and Merabolizable Energy Value of Brewers' Dried Grains Rations- Digestion Trail I 
15% B.D.G. 45% B.D.G. 
Digestible Energy 
Determined 3219±1644 3174 ±493 
Suggesred 1 3285 3107 
Merabolizable Energy 
Determined 2794± 2682±101 
Suggesred2 3073 2810 
1Nurrient Requirements of Beef Carrie, 1963. 
2Nurrienr Requirements of Beef Carrie, 1970. 
3Significanrly (p<.05) less than 15% B.D.G. with Yeast. 
4Significanrly (p<.05) greater than 75% B.D.G. 
TABLE XIX 
75% B.D.G. 
2970± 
2929 
2398±125 1 
2546 
15% B.D.G.+Y 
3369±169 
3285 
2956±174 
3073 
Daily Nitrogen Retention of Brewers' Dried Grains Rations-Digestion Trial I 
Control 
3230 ±203 3 
3280 
2805 ±2283 
3125 
----------------------------------------------------
--------------------------------------------------- -
Ration 15% B.D.G. 45% B.D.G. 75% B.D.G. 15% B.D.G.+Y Control 
----- ----- -----
--- ---
-----
Item % Grams % Grams % Grams % Grams % Grams _ _________________ __:. ________________________________ _ 
Steer 1 34.0 14.4 54.4 37 .0 54.5 48. 1 25.7 11.6 -6 . 7 -2 .8 
Steer 2 20.4 9 .2 48.7 33. 1 14.0 12.3 46.2 20.8 34.9 14.7 
Steer 3 5. 1 2.3 4.7 3.2 24.6 20.1 46.9 20. l 51. 7 21.9 
Steer 4 41.8 18.9 3.2 2.2 42 .6 34.0 24.4 8.4 3.2 1. 2 
Steer 5 7.7 3.5 43,2 29.3 13.2 11. 7 33. 1 14.9 25.0 10.3 
Av.% 21.8 30.9 29 .8 35 . 3 21.6 
Av. Grams 9.7 21.0 25.2 15 .2 9. 1 
TABLE XX 
Digestible and Mecabolizable Energy Values of Cattle Rations Supplemented 
With Brewers ' Dried Grains , Urea or Soybean Meal 
15% B.D .G . 
Digestible Energy 
Determined 3368±42 
Suggesced1 3300 
Mecabolizable Energy 
Determined 2946±50 
Suggesced2 3073 
1Nucrienr Requiremenr of Beef Catcle, 1963. 
2 Nucrienr Requirement of Beef Cattle, 1970. 
TABLE XXI 
Urea Soybean Meal 
3155±120 3305± 186 
3298 3340 
2705± 160 2848± 197 
3055 3086 
Daily Nitrogen Retention For Brewers' Dried Grains, Urea or 
Soybean Meal Supplemented Rations 
15% B.D.G . 
·-~~~--~~~-
Average % 
Average gm . 
24 . 6 
20 .4 
Urea 
26.4 
21. 1 
Soybean Meal 
29.4 
21.6 
et al . ( 1969) from the specific gravity of the carcass . A summary of the body composition 
of selected steers from the study is presented in Table XXII. Cattle fed the 15 percent 
brewers' dried grains ration had the highest percent fat and the lowest protein. The 
highest percent carcass fat and lowest percent protein for the cattle fed the 15 percent 
ration would indicate a slighcly higher energy value for this ration. · 
TABLE XXII 
Body Composicion1 of Selected Steers-Nee Energy Trial I 
Ration 15 % B.D.G. 30% B.D.G. 45 % B.D.G. 
Slaughter Wt. Kg. 379 . 10 409 .55 387 .90 
Empty Body Fae (%) 36.95 35. 35 34 .95 
Body Protein (5) 14 .25 14.60 14.65 
No . Animals 3 4 4 
1Calculacions based upon the specific gravity technique . 
The determined net energy (NEm +p) values for the rations fed during this trial 
are presented in Table XXIII . The 15 percent brewers' dried grains ration had a (NE m + p) 
value of 1670 kcal . per kg. of ration on an as-fed basis . When converted to a dry matter 
basis, the value was 1852 kcal . per kg. of ration. This was the highest energy value of 
the three rations fed, which agrees with the increased feed efficiency associated with 
cattle fed this ration. 
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TABLE XXIII 
Nee Energy Values of Rations-Trail I1 
Rae ions 15% B.D.G. 30% B.D.G. 45% B.D.G. 
No. Animals 16 16 16 
Nee Energy of Ration 
Fed mcal./kg. 
(NEm+p) Av. 1.67 1.60 1.54 
Nee Energy of Rations, 
mcal./kg. D. M. 1. 85 1. 78 1. 71 
1Inicial body composition assumed the same as chat reported by Riley (1969) . 
The determined energy values are higher than chose calculated by using energy 
values of the various ration components from Nutrient Requirement of Beef Cattle ( 1970). 
Energy values , as calculated on a dry maccer basis, mcal. /kg. are: 15 percent brewers' 
dried grains, 1. 72, 30 percent brewers' dried grains, 1. 62, and 45 percent brewers' 
dried grains , 1. 51. Upon examination of actual feed required per unit of gain, it cook 
three percent more of the 45 percent brewers' dried grains ration co produce a unit of 
gain as compared co 15 percent brewers' dried grains ration. By using suggested values 
for the rations fed, the 15 percent brewers' dried grains ration should have had 12 
percent more energy than the 45 percent brewers' dried grains ration. 
TRIAL II 
Average live animal composition figures for fat and protein were determined by 
using the whole body counter technique. One lot of caccle from · each treatment was 
counted and used as the basis of live animal composition . The nee energy (NEm+p) 
values for the rations fed during chis trial are presented in Table XXIV. 
The nee energy value of the control ration was slighcly higher than for the 15 percent 
brewers' dried grains and 15 percent brewers' dried grains + yeast. However, caccle 
fed the 15 percent brewers' dried grains + yeast rations produced daily gains chat were 
(p<.01) significancly greater than gains of caccle fed the control ration. This greater nee 
energy value of the control ration may be due co more energy being used for maintenance. 
The calculated energy value of brewers' dried grains using Nutrient Requirement of Beef 
Cattle (1970), is lower than the values determined in chis trial , as shown in 
Table XXIV. 
The portion of the nee energy of each ration contributed by brewers' dried grains 
was calculated by using average values , from NRC Beef 1970, for the various ocher 
grains. That pare not accounted for by the other grains was considered co be the nee 
energy of brewers' dried grains. The NEm+p of brewers' dried grains in the 15 percent 
brewers' dried grains ration was 1120 kcal./kg . D.M. This increased to 1297 kcal./kg. 
for 45 percent brewers' dried grains and 1451 kcal./kg. D.M. for 75 percent brewers' 
dried grains. As the NEm +p for brewers' dried grains increases and as che percent corn 
decreases, it can be concluded chat the NE m + p values for corn used in chis calculation 
may have been high. As the percentage of brewers' dried grains in the ration increases 
from 15 percent to 45 percent and then to 75 percent, the NEm+p increases 177 and 
118 kcal./kg. D.M. respectively. 
The difference between the NEm +p of the 45 and 75 percent brewers' dried grains 
rations is about two-thirds the difference between the 15 percent and 4 5 percent brewers' 
dried grains ration. The NEm+p of a 100 percent brewers' dried grains ration was 
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TABLE XXIV 
Net Energy Values of Rations-Trial II 
Ration 15% B.D .G. 45 % B.D .G . 75 % B.D .G . 15% B.D .G. + Y Control 
N o. Animals 12 11 12 11 12 
Net Energy of Ration 
'" I as Fed mcal./kg . 1. 52 1. 44 1.37 1. 52 1. 55 'D
Net Energy of Rat ions 
mcal./kg. D.M . 1.69 1.60 1. 52 1.69 1. 72 
Calculated kcal./ kg. 
D .M . 1 1720 1514 1309 1720 1800 
1N utrient Requirements of Beef Cattle, 1970. 
calculated by making the next increase two-thirds of the previous increase . The 
NEm+p of brewers' dried grains was found to be 1480 kcal./kg. D.M . by chis pro-
cedure. Then by assuming that the NEm +p, NRC value, would have the same relative 
increase, as had been calculated above, the NEm of brewers' dried grains was calculated 
to be approximately 1800 kcal./kg. D.M. The NEp of brewers' dried grains was found 
to be 1100 kcal./kg. D.M. 
The data indicate that the significant treatment effects of brewers' dried grains on 
initial efficiency for feedlot performance makes it a desirable roughage co initially start 
cattle on high-concentrate diets . The feedlot performance is shown in Table XXV . 
Significantly (p<. 05) greater feed efficiency was noted in the first feeding period for 
brewers' dried grains than the ocher treatments as shown in Figure L Average daily 
gains over the total rest were not significant. 
TABLE XXV 
Performance Results of Roughage and Protein Study Trial 
5% Corn Cobs 
Ration 5% B.D .G. 5% Corn Cobs w/Hops 
No. of Animals 36 36 34 
Days on Feed 168 168 168 
Initial Live We. Kg. 229.61 234 .60 226. 66 
Final Live Wt. Kg. 445.16 449.20 437 .90 
Gain Kg. 215.55 214.55 211. 29 
Av. Daily Gain Kg . 1.28 1.28 1. 24 
Av. Daily Feed Intake Kg. 8.21 8.47 8 .26 
Feed per Unit Gain Kg. 6.45 6.60 6. 70 
Those steers fed brewers' dried grains had the most efficient feed conversion, 6.6 kg. 
of feed per kg. gain. Corn cobs plus spent hops had the lowest conversion ratio, 6 . 70 kg. 
feed per kg . gain. The calculated metabolizable energy and the nee energy was highest 
for the brewers' dried grains; 128.49 and 88 .64 mcal./kg . , respectively, as shown in 
Table XXVL 
Description 
TABLE XXVI 
Metabolizable and Nee Energy 
5%B.D.G. 5% Corn Cobs 
~~~~~·~~~~~ 
Crude Protein 1 
Metabolizable Energy 1 
M-cal/cwc 
Nee Energy 1 
M-cal/cwt 
TDN 1 
1 Calculated 
Carcass Evaluation 
12.49 
128.49 
88.64 
77.80 
12.28 
126. 7 
87.43 
76.63 
5% Corn Cobs 
Plus Hops 
12 . 38 
126.8 
87. 53 
76. 71 
Statistical analysis indicate no significant differences (p>. 05) in any carcass charac-
teristics. The effects of the different diets on cert~n traits are presented in Table XXVII . 
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Figure I. Feed Efficiency of Gain Per Unit Feed Fed 
TABLE XXVII 
Quantitative and Qualitative Carcass Characteristics of Steers From 
Feeding Roughage and Protein Study 
Ration 5% B.D .G . 
No. Carcasses 36 
Carcass Wt. , kg. 280. 26 
Dressing Percentage (%) 63 . 5 
Rib Eye Area (cm . sq.) 77.87 
Fat (12th rib), cm. 1.43 
Conformation/Grade 14.23 
Quality1 12.14 
Yield2 2. 76 
19 = low good, 17 = high prime 
2 1 = 5 3. 1 % or more boneless retail cues 
6 = 43 . 9 % less than boneless retail cuts 
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5% Corn Cobs 
5% Corn Cobs w/Hops 
36 34 
276.08 274.07 
62.0 63. 1 
77.15 79.17 
1. 58 1. 35 
13 .79 14 .05 
12. 25 12.10 
2.84 2.70 
Five abscessed livers were observed in the 5 percent brewers' dried grains, nine in the 
5 percent corn cobs and eleven in the 5 percent corn cobs plus spent hops. This was nor 
significant, bur it does correspond with other findings and directly relates ro the relative 
performance of each treatment. Liver abscess data is given in Table XXVIII. 
Items 
No . of Carcasses 
No. of Livers Condemned 
No. of Abscesses/Livers 
No. of Abscesses 
Abscess Diameter (Av. cm) 
Economics 
TABLE XXVIII 
Liver Abscess Dara 
5% B.D.G. 5% Corn Cobs 
36 36 
5 9 
.250 . 528 
9 19 
2.6 5.0 
5% Corn Cobs 
Plus Hops 
34 
11 
3.71 
126 
4.3 
Returns were calculated for the three rations using the average 1971-1972 prices for 
grain and carcass grades and weights of slaughter cattle . The ration cost analysis and 
prices used are presented in Table XXIX . The cattle were slaughtered when their 
average slaughter weight would be favorably compared to most cattle slaughtered. 
The greatest returns were realized with the brtwers ' dried grains as the supplement. 
Returns from feeding the 5 percent corn cobs plus hops were the lowest. Over the entire 
feeding period, the least cost ration, that with the greatest gains per unit fed and the 
highest rota! gains, was the brewers' dried grains ration . Liver abscesses were lower in 
the brewers' dried grains ration. Therefore, a greater return was realized due ro the 
increased performance of the animals without the abscessed livers. There also is the loss 
of the liver, for when it is condemned, the value is decreased from the market value of 
$7 tO $3 per liver. This loss is reflected in return these cattle make to both the producer 
and the packer. The two losses of performance and condemnation combine for a total 
of approximately $8 per head. The brewers' dried grains ration was also $. 58 per ron 
cheaper than the corn cobs ration and $ .83 less than the corn cobs and hops ration with 
prices used in this rest . 
Liver Abscesses 
No significance (p< . 05) was found in reduction of liver abscesses due ro feeding of 
brewers' dried grains . However, as noted, decrease of incidence was found in each study 
in those animals fed brewers' dried grains. A rota! of248 steers and heifers were inspected, 
and a total of 34 abscesses were found; or 13. 7 percent of all the animals had their livers 
condemned due ro liver abscesses . 
Feeding performance Trial II was of 36 steers all fed brewers' dried grains of various 
percentages. No abscesses in the livers of these steers were found. Performance Trial III 
consisted of 48 steers and heifers all on brewers' dried grains diets . An incidence of 
4. 1 percent or two abscessed livers were found . Those 58 steers and heifers in performance 
Trial IV had five different treatment rations, four of which contained brewers' dried 
grains and the fifth a control ration containing oar hulls. Here a total of seven abscessed 
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TABLE XXIX 1 
Ration Cost Analysis (By Ingredients) 
-----
U . of Mo. 1 
Ingredient Cost in Ingredient Feed Mill Total 
Ration Cost per 100 lbs. Cost per Charges Cost of 
Ingredient % 100 lbs. of Ration 100 lbs. per cwt. Ration 
Ration AB-1 5% Brewers' Grains 
Shelled corn 92.00 2.00 1.8400 
Dried Brewers' Grain 5.00 2. 50 .1250 
Urea 1.00 3. 50 .0350 
Di calcium phosphate 0.50 5.50 .0275 
Potassium chloride 0 . 50 4 .00 .0200 
Limestone 0.50 1.00 .0050 
<.» I Trace mineral salt 0 .25 3.00 .0075 ..,.. 
Sodium Sulfate 0 . 10 4.00 .0040 
Vitamin premix 0.15 21.00 .0315 
TOTAL 2.0955 $2.0955 $0.44 $2 .5355/cwt 
$10. 71/ton 
Ration AB-2. 5% Corn Cobs 
Shelled corn 89.00 2.00 '1. 7800 
Corn cobs 5.00 1. 25 .0625 
Soybean meal 3.00 5.05 . 1515 
Urea 1.00 3. 50 .0350 
Di calcium phosphate 0. 50 5. 50 .0275 
Potassium chloride 0.50 4 .00 .0200 
Limestone 0.50 1.00 .0050 
Trace mineral salt 0.25 3.00 .0075 
Sodium Sulfate 0.10 4 .00 .0040 
1Calculations based on 1971-72 prices. 
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TABLE XXIX 1 
Ration Cost Analysis (By Ingredients) 
U. of Mo.1 
Ingredient Cost in Ingredient Feed Mill Total 
Ration Cost per 100 lbs . Cost per Charges Cost of 
__ _!ngredient ______ % ____ ~OD_J_~---~fRation_ __ ~OD_J_~ _ ___ percwt~ ____ Ra~ 
Vitamin premix 0 . 15 
TOTAL 
Ration AB-3 5% Corn Cobs plus Hops 
Shelled corn 89 .00 
Corn cobs 4.40 
Soybean meal 3.00 
Urea 1.00 
Hops 0 .60 
Di calcium phosphate 0 . 50 
Potassium chloride 0 .50 
Limestone 0 0. 50 
Trace mineral salt 0.25 
Sodium Sulfate 0.10 
Vitamin premix 0 . 15 
TOTAL 
1Prices based on 1971-72 prices. 
2Charges based on 20i /cwt grinding charge 
15i /cwt mixing charge 
21.00 
2.00 
1. 25 
5.05 
3. 50 
2. 50 
5. 50 
4.00 
1.00 
3.00 
9i /cwt storage and handling charge 
.0315 
2. 1245 
1. 7800 
.0550 
. 1515 
.0350 
.0150 
.0275 
.0200 
.0050 
.0075 
.0040 
.0315 
2.1320 
$2 . 1245 
$2 . 1320 
$0.44 
$0 .44 
$2 .5645/cwt 
$51.29/ton 
$2. 572/cwt 
$51.44/ton 
livers were reported. One abscessed liver for the 15 percent brewers ' dried grains ration 
and one for the 75 percent brewers' dried grains ration were found; the remainder were 
from the control ration. Brewers' dried grains had an incident rate of 4 . 3 percent ab-
-~cessed livers, while the control had 13 .8 percent. 
In the high concentrate study, 106 steers were fed one of three treatment rations . Two 
of these rations contained corn cobs as the roughage factor and the third, brewers' 
dried grains. A total of 25 abscessed livers were observed. Five of these were brewers' 
dried grain cattle (13 .8 percent), nine were corn cob treatment cattle (25 percent), 
and eleven were from the corn cobs plus hops cattle (30. 5 percent). 
In the high concentrate study, an in-depth study was performed on the abscessed 
livers. It was noted that an increased number of non-brewers' dried grains fed cattle 
were found to have abscesses ; however, this was not a significant difference (p< .05). 
The number of abscesses found per liver was higher in the non-brewers ' dried grains 
rations, with nine abscesses in the brewers' dried grains cattle , 126 with corn cobs 
ration and nineteen on the corn cobs plus hops ration . However, it should be noted that 
in the corn cobs ration, one animal had a total of 100 abscesses . Each liver was phoro-
graphed and examples of the abscesses are shown in Figure II. 
Liver tissue samples were taken of each abscess and brought back from the abattoir 
for study . A study was made of the organisms which were isolated aerobically . N on-patho-
genic Diptheroids and pathogenic bacterial organism Spherophorus (Fusobacillus) were 
isolated , as also reported by Jensen (1960) and Thornron et al. (1968) . 
Figure II. 
SUMMARY AND CONCLUSION 
Five experiments were conducted, involving a total of 275 head of beef cattle to 
determine the value of brewers' dried grains in beef cattle diets. Performance, carcass 
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characteristics and qualitative energy determinations were made in evaluation of the 
protein and roughage value. The relative quantity of brewers' dried grains produced as 
a brewing by-product makes this roughage/protein source especially attractive as a 
livestock feed source. 
Brewers' dried grains can successfully serve as a roughage and a protein source in 
high-concentrate beef cattle rations. The roughage component of brewers' dried grains 
was effective in reducing digestive disturbances and liver abscesses when included at 
5, 10, 15, 30, 45 or 75 percent of rations containing ground shelled corn and minerals. 
There is no statistical difference in brewers' dried grains upon carcass traits compared 
with other commonly used feedstuffs . The nitrogen retention was found to be as great 
for cattle fed brewers' dried grains as compared to soybean meal. Brewers' dried grains 
that contained two percent yeast were found to be equal to brewers' dried grains without 
yeast for cattle rations. Brewers' dried grains were as an efficient roughage as ground 
cobs or oat hulls in beef cattle rations . 
The N. E. m +p of brewers' dried grains was found to be 1.67 meal per kg. D.M. by 
specific gravity method and 1.48 meal per kg. D .M. by the "Whole Body Counter" 
technique . The digestible energy of brewer's dried grains was found to be 2. 90 meal 
per kg. D.M . Merabolizable energy of the ration fed was determined co be below NRC 
book values. However, rations containing higher levels of brewers' dried grains more 
closely equaled book values. Energy value of brewers' dried grains may be close to that 
of corn when adequate supplemental potassium is added to the ration containing from 
10 to 4 5 percent brewers' dried grains. 
Efficiency was increased by using brewers' dried grains as the roughage source in 
high energy diets. Fifteen percent brewers' dried grains was superior to a 10 percent corn 
gluten feed and 5 percent oat hulls, when included in beef cattle finishing rations 
containing 77 . 5 percent ground shelled corn and 2. 5 percent minerals and vitamins, 
based on daily gain (1.27 vs. 1.14 kg .). Palatability of the ration was decreased when 
brewers ' dried grains constituted more than one half of the ration without added min-
erals. Cattle fed high concentrate rations containing brewers' dried grains produced 
carcasses with a low incidence of abscessed livers . Also, brewers' dried grains can be an 
economical protein, energy and roughage source found all in one package. 
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